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Abstract

Bcl-3 is an atypical member of the kB family. Bcl-3 functions as a cofactor of p50/NF-xB1 or
p52/NF-xB2 homodimers in nuclei, where it modulates NF-xB-regulated transcription in a
context-dependent way. Bcl-3 has tumorigenic potential, is critical in host defense of pathogens,
and has been reported to ameliorate or exacerbate inflammation, depending on disease model.
However, cell-specific functions of Bcl-3 remain largely unknown. Here, we explored the role of
Bcl-3 in a contact hypersensitivity (CHS) mouse model, which depends on the interplay between
keratinocytes and immune cells. Bcl-3-deficient mice exhibited an exacerbated and prolonged
CHS response to oxazolone. Increased inflammation correlated with higher production of
chemokines CXCL2, CXCL9 and CXCL10, and consequently increased recruitment of
neutrophils and CD8* T cells. Bone marrow chimera experiments indicated that the ability of
Bcl-3 to reduce the CHS response depended on Bcl-3 activity in radioresistant cells. Specific
ablation of Bcl-3 in keratinocytes resulted in increased production of CXCL9 and CXCL10 and
sustained recruitment of specifically CD8" T cells. These findings identify Bcl-3 as a critical
player during the later stage of the CHS reaction to limit inflammation via actions in radioresistant
cells, including keratinocytes.
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Introduction

Contact hypersensitivity (CHS) is an animal model in which the mechanisms underlying
allergic contact dermatitis (ACD) in human can be studied. It is a largely T cell-mediated
inflammatory response to hapten challenge in skin, subsequent to prior epidermal
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sensitization with the same hapten. Haptens are small, lipophilic, and mostly electrophilic
compounds, that readily penetrate skin and covalently bind to cutaneous proteins. Local
Langerhans cells (LCs) and dermal dendritic cells (dDCs) take up the haptenated proteins.
During the sensitization phase, haptens also initiate an innate irritant effect that matures the
dendritic cells and enables them to migrate to skin draining lymph nodes and present
haptenated antigens to T cells. In the elicitation phase, haptens again initiate a local innate
(antigen-independent) effect that includes production of chemokines, cytokines and other
mediators that activate endothelial cells, increase vascular permeability and promote the
influx of first neutrophils and subsequently antigen-specific T cells into skin. The recruited
T effector cells, primarily CD8* T cells, are activated locally by DCs to produce IFN-y as
well as other cytokines, such as IL-17, which in turn induce expression of more chemokines
and other mediators that lead to further cellular infiltration, along with characteristic edema
as well as keratinocyte apoptosis (comprehensively reviewed in [1, 2])

Bcl-3 is a member of the 1xB family of proteins. This family consists of the classical
members IkBa, 1xBp and 1xBg, the precursor proteins p105/NF-xB1 and p100/NF-xB2, and
the atypical members 1xBZ, IkBNS and Bcl-3. The classical members and the precursors
primarily retain and inhibit transactivating NF-xB factors in the cytoplasm; they can be
rapidly degraded in response to signals, thus liberating NF-xB activity to enter nuclei. By
contrast, atypical members are not generally subject to induced degradation, and instead
modulate transcriptional activities of NF-xB complexes in nuclei. Bcl-3 binds to
homodimers of p50/NF-kB1 or p52/NF-xB2, which lack transactivation domains. Bcl-3
may convert these homodimers into transactivating complexes owing to transactivation
domains present within Bcl-3, yet Bcl-3 may also enhance the inhibitory potential of these
homodimers. The exact outcome appears to depend on the particular target gene and cellular
context, which also involves not well-understood post-translational and signal-induced
modifications of Bcl-3 (reviewed in [3, 4]). The specific cellular functions and mechanisms
of action of Bcl-3 in biologic contexts thus remain poorly understood.

Nevertheless, much evidence points to profound roles of Bcl-3 in vivo. Bcl-3 was
discovered as a partner gene in recurring chromosomal translocations t(14;19) in some B-
cell chronic lymphocytic leukemias [5], and subsequently other lymphoid tumors [6]; in
addition, various lymphoid as well as solid tumor cells express elevated levels of Bcl-3 [7].
Increased levels of nuclear Bcl-3 were suggested to promote proliferation of keratinocytes in
chemical-induced skin carcinogenesis [8]. Experiments with Bcl-3-deficient mice have
revealed that Bcl-3 is crucial for innate and/or adaptive immune responses to various
pathogens and that it contributes to the development of the immune system [9-13].
Interestingly, Bcl-3 has been proposed to promote inflammation in a colitis model, but may
have a protective role in an autoimmune diabetes model [12, 14]. Bcl-3 has also been
reported to inhibit antimicrobial responses in keratinocytes. This may underlie the frequent
infections observed in atopic dermatitis, as lesions in these patients appear to express
elevated levels of Bcl-3 [15].

We hypothesized, therefore, that Bcl-3 might also have a role in CHS, a murine model of
ACD. The CHS response was exaggerated in Bcl-3-deficient mice, especially during the
later phase, and this correlated with higher production of chemokines and increased
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recruitment of neutrophils and CD8" effector T cells. Bone marrow chimeras revealed an
exacerbated CHS response if Bcl-3 was lacking in radioresistant cells, but not if it was
lacking in radiosensitive hematopoietic cells. Finally, mice with Bcl-3-specific ablation in
keratinocytes showed higher expression of CXCL9 and CXCL10 and increased recruitment
of CD8™ T cells. In conclusion, we demonstrated that Bcl-3 reduces CHS responses, partly
by limiting prolonged expression of chemokines in radioresistant cells, including
keratinocytes.

Exaggerated and prolonged CHS response in Bcl-37/~ mice

Wild-type (WT) and Bcl-3-deficient (Bcl-37/~, KO) mice were sensitized on shaved bellies
with the hapten oxazolone (OXA) on 2 consecutive days; 5 days later, these mice were
challenged with oxazolone application to ears in order to elicit the CHS reaction Ear
thickness was measured for the next 4 consecutive days as readout of inflammation. Ear
swelling in WT mice peaked at 48 h and began to decrease thereafter; by contrast, Bcl-3-
deficient mice were unable to properly control inflammation and exhibited somewhat
exaggerated ear thickening at 48 h, which was maintained even up to 96 h (Fig. 1A). Similar
results were obtained with use of the hapten DNFB (Fig. 1B). To explore whether the
increased ear thickness observed in mice was associated to higher inflammatory cell
infiltration, we performed H&E staining. 48 h after treatment with oxazolone many
inflammatory cells had accumulated in the ears of WT as well as Bcl-3~/~ mice compared
with solvent-treated control ears (Fig. 1C). However, while the numbers of infiltrating cells
was reduced at 96 h in the ears of WT mice, they were still elevated in the ears of Bcl-3-
deficient mice. Thus, Bcl-3 functions to help control the CHS response.

Bcl-3 controls the recruitment of neutrophils and CD8" T cells

During the elicitation phase, the inflammatory infiltrate is composed primarily of CD8* T
cells and neutrophils [16, 17]; CHS reactions elicited by haptens such as oxazolone are
substantially blunted in mice depleted of or lacking mature CD8* T cells [1, 18, 19]. To
investigate the cellular infiltrates in the present context, ears of solvent-treated or oxazolone-
treated WT and Bcl-3-deficient mice were digested, stained for CD8, Ly6G (neutrophils)
and Gr-1 (neutrophils and monocytes) and analyzed by FACS (Fig. 2A). CD8* T-cell
numbers 96 h after hapten application were profoundly higher in ears of Bcl-3~/~ compared
with WT mice. Ly6G* neutrophils, as wells as Gr1* inflammatory cells (primarily
neutrophils), were also significantly increased in Bcl-3~/~ compared with WT ears. These
data were confirmed with immunohistochemical staining for expression of Ly6G
(neutrophils), Gr-1 and Ly6B (both neutrophils and monocytes) at 48 h and 96 h after hapten
application (Fig. 2B). While higher levels of infiltrating neutrophils in Bcl-3~/~ as compared
with WT ears were discernable after 48 h, the difference was most pronounced after 96 h.

Next, we assessed IFN-y production by CD8* T cells isolated from skin draining lymph
nodes of WT and Bcl-3~/~ mice. Mice were sensitized to and challenged with oxazolone,
draining lymph nodes were harvested 96 h later, and cells were re-stimulated and stained for
CD8 and intracellular IFN-y production. Significantly higher levels of IFN-y-producing
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CD8™ T cells were detected in lymph nodes of Bcl-3-deficient compared with WT cells,
consistent with increased numbers of CD8* T cells in skin (Fig. 3A). These data show that
Bcl-3 limits recruitment of CD8* T cells and neutrophils during CHS reactions.

Increased chemokine production in Bcl-3-deficient mice

The elicitation of the CHS response requires production of cytokines, including in particular
IFN-y, and chemokines, which help regulate the infiltration and activity of leukocytes in
inflammatory reactions [1]. The elicitation phase of CHS can be divided in two parts [1], an
early phase up to 6-12 h that is dominated primarily by innate responses, and a later phase,
between 24-48 h, that is dominated largely by the hapten-specific T-cell responses. We did
not observe any significant differences in chemokine expression between Bcl-37/~ and WT
animals in the early phase (not shown), consistent with the lack of a discernable difference
in ear swelling by 24 h after hapten application. The late phase may be shaped in part by
IFN-y-mediated effects. This cytokine can induce secretion of CCL5, CXCL9 and CXCL10
by keratinocytes, which in turn lead to further recruitment of in particular CD8* T cells.
IFN-y can also promote expression of CXCL1, CXCL2 and CXCLS5, which recruit
neutrophils in particular [20]. We determined the mRNA levels of various chemokines in the
ears of WT and Bcl-37/~ mice at 48 h and 96 h after oxazolone challenge of previously
sensitized mice. At 48 h, expression levels of CXCL2, CXCL5 and CCL5, as well as
CXCL9 and CXCL10 were increased in Bcl-3—/— compared with WT ears (Fig. 4A); in
addition, 1L-10 levels were increased, consistent with a role for Bcl-3 in inhibiting
expression of this cytokine in various contexts [11]. We did not observe any differences in
expression of CXCL1, CXCL7, CCL2, CCL4, IL-1p and IL-6 at either 48 h or 96 h (data not
shown). After 96 h of hapten challenge, ears of Bcl-3~/~ compared with WT mice continued
to express higher levels of CXCL9 and CXCL10 (Fig. 4B). Thus the increased numbers of
CD8" T cells and neutrophils observed in Bcl-37/~ mice upon hapten challenge correlated
well with increased expression of chemokines able to attract these cells, suggesting that
Bcl-3 may normally help control cellular infiltration during the later part of the elicitation
phase by limiting production of such chemokines.

Bcl-3 acts in radioresistant cells to dampen the CHS response

To address whether Bcl-3 normally functions in the radiosensitive (hematopoietic) or in the
radioresistant compartment (primarily stromal) to delimit the CHS response, we performed
bone marrow chimera experiments. Bcl-37/~ or WT bone marrow cells were adoptively
transferred into irradiated WT or Bcl-37/~ hosts, allowing for all possible combinations.
After reconstitution the chimeric mice were subjected to oxazolone hapten sensitization and
then challenge in ears. Surprisingly, transfer of Bcl-3-deficient hematopoietic cells into WT
irradiated hosts resulted in somewhat reduced ear thickening at 24 and 48 h after oxazolone
challenge (but not thereafter) when compared with transfer of WT hematopoietic cells (Fig.
5A). Therefore rather than dampening CHS responses, Bcl-3 appears to enhance the
response via roles in hematopoietic cells, possibly already during the sensitization stage
[21]. Nevertheless, the actions of Bcl-3 in radioresistant cells must dominate, based on mice
globally deficient in this regulator. Indeed, regardless of whether Bcl-37/~ (Fig. 5B) or WT
(Fig. 5C) hematopoietic cells were transferred, Bcl-3-deficient recipient mice exhibited an
exaggerated (prolonged) CHS response, most evident at 72 and 96 h after hapten challenge;
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at 48 h transfer of WT hematopoietic cells into Bcl-3-deficient resulted in slightly more ear
swelling than transfer of Bcl-3-deficient cells, consistent with above-noted enhancing role
for Bcl-3 in hematopoietic cells at earlier time points. Therefore Bcl-3 ameliorates the CHS
response via functions in radioresistant cells.

Functions of Bcl-3 in keratinocytes help to delimit the CHS response

In addition to the stromal keratinocytes, the hematopoietic Langerhans cells are also
reportedly radioresistant, as they appear to have self-renewal potential and transferred cells
may not be able to generate them [22, 23]. The role of Langerhans cells during CHS
responses is controversial, as they may promote or inhibit CHS responses [24].
Keratinocytes can produce many chemokines, including CXCL9 and CXCL10 when
stimulated with IFN-y, which then aids recruitment of more IFN-y-producing CD8* T cells.
To explore the role of Bcl-3 in Langerhans cells and keratinocytes, we made use of Bcl-3
conditional knockout mice (Bcl-3MX/fX) to specifically ablate this regulator in Langerhans
cells (and a subset of dermal dendritic cells) via a Langerin-driven Cre recombinase (Bcl-3-
A-LC mice) or in keratinocytes via K5-driven Cre (Bcl-3-A-KC). We confirmed that
expression of Bcl-3 was efficiently and specifically ablated in the epidermis of Bcl-3-A-KC
mice and specifically in Langerhans cells of Bcl-3-A-LC mice (Supporting Information Fig.
1A). (Efficient deletion of the floxed Bcl-3 allele has also been observed in other Cre-
expressing mice [21] and efficient deletion of other floxed target genes via Langerin-Cre has
been documented previously as well [25, 26]). Loss of Bcl-3 in Langerhans cells (Bcl-3-A-
LC) or in keratinocytes (Bcl-3-A-KC) did not alter oxazolone-elicited ear swelling at any
time point when compared with Bcl-3-sufficient controls (Bcl-3X/flx or Bcl-3f%-) (Fig. 6A
and C). Of note, Bcl-3*/* mice expressing K5-Cre (Supporting Information Fig. 1B) or
Langerin-Cre [26] did not show any phenotypes and exhibited normal WT CHS reactions.
We further assessed the infiltration of CD8" T cells and neutrophils into skin at 96 h post
hapten application. There were no significant differences in the cellular infiltrates between
controls and Bcl-3-A-LC mice, suggesting that expression of Bcl-3 in Langerhans cells did
not appreciably affect the CHS response (Fig. 6B). On the other hand, CD8* T-cell numbers
were increased in Bcl-3-A-KC mice compared with controls, while there were no significant
differences in neutrophil accumulation, as judged with Ly6G and Gr-1 staining (Fig. 6D).
Consistent with increased CD8" T cells infiltration, we also observed higher expression of
CXCL9 and CXCL10 at 96 h post hapten challenge in Bcl-3-A-KC mice compared with
their littermate controls. We additionally assessed expression of CXCL9 and CXCL10 in the
epidermal and dermal skin fractions 96 h after challenge of WT and Bcl-37/~ mice; this
analysis revealed the epidermal layer to be primarily responsible for the exaggerated
expression in the absence of Bcl-3 (Supporting Information Fig. 1C). Altogether these
findings suggest that Bcl-3 dampens the CHS reaction at least in part by inhibiting
chemokine expression in radioresistant cells, including inhibition of CD8" T recruiting
cytokines in keratinocytes.

Discussion

The present study reveals a critical role for Bcl-3 in CHS responses elicited by the haptens
DNFB and oxazolone. The CHS response to these haptens was exaggerated and prolonged
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in mice lacking Bcl-3, as judged by increased ear thickness compared with WT animals,
starting at 48 h post challenge. The greater inflammation elicited by oxaxolone in ears of
Bcl-3-deficient mice was characterized by enhanced recruitment of leukocytes, primarily
neutrophils and CD8* T cells, facilitated by elevated production of relevant chemokines.
Hapten challenge of bone marrow-chimeric mice demonstrated that loss of Bcl-3 in
radioresistant cells was responsible for the exaggerated CHS response, not loss in
radiosensitive hematopoietic cells. Indeed, hapten challenge of mice with specific ablation
of Bcl-3 in keratinocytes resulted in higher production of CXCL9 and CXCL10 during the
later phase of the CHS response, and in consequence, increased recruitment of CD8* T cells.
Bcl-3 therefore functions to prevent prolonged expression of chemokines in radioresistant
cells, including keratinocytes, thereby limiting recruitment of inflammatory cells during the
CHS response, and contributing to the resolution of inflammation.

The hapten-elicited CHS can be divided in two phases [1]; an early antigen-independent
phase lasting up to about 12h post challenge, and later antigen-dependent phase, clearly
evident by 24 h and peaking by 48 h. The early phase is characterized by hapten-induced
innate effects that result in bursts of inflammatory mediators, including chemokines and
some cytokines, which, in turn, facilitate the endothelial transmigration and entry of
inflammatory cells into skin; first neutrophils enter, and they in turn may help facilitate the
subsequent recruitment of T cells, especially CD8" T cells [27]. We did not observe any
notable differences between Bcl-3 deficient and WT animals in the early phases of the CHS
response elicited with oxazolone (data not shown). By contrast, loss of Bcl-3 markedly
increased inflammation during the second phase of the CHS response, especially during the
later stages, after 48 h post challenge. At this stage mutant mice exhibited increased ear
thickness, higher chemokine production and elevated numbers of neutrophils and CD8* T
cells. Among the chemokines we noted increased expression of the neutrophil
chemoattractants CXCL2 and CXCLJ5 [28] at 48 h and increased expression of CXCL9 and
CXCL10 at both 48 h and 96 h. CXCL9 and CXCL10 are potent recruiters of activated
effector Thl and especially CD8" (Tc1) cells [29, 30], cells that produce IFN-y. In turn,
IFN-y induces expression of these two chemokines in keratinocytes, thereby generating a
positive feedback loop [31]. Consistent with increased levels of CXCL9 and CXCL10 in
Bcl-3-deficient as compared with WT mice, we observed increased numbers of CD8* T
cells in skin after 48 h. Also in line with these findings, we observed elevated numbers of
IFN-y-producing CD8 T-cell in draining lymph nodes of the mutant mice at this time.

Bone marrow chimera experiments revealed that the increased inflammation observed in
Bcl-3-deficient mice was due to loss of this regulator in radioresistant cells. Curiously, loss
of Bcl-3 in radiosensitive hematopoietic cells actually ameliorated rather than exacerbated
CHS responses at 24 and 48 h, suggesting that Bcl-3 has an opposite effect in such cells in
this model, possibly due to different functions in dendritic cells [21]. Nevertheless, given the
findings in mice with germline deletion of Bcl-3, the consequences due to loss in
radioresistant cells were dominant.

To determine in which radioresistant cells Bcl-3 normally functions to prevent prolonged
CHS reactions, we conditionally ablated this regulator in radioresistant Langerhans cells
(and a subset of dermal dendritic cells) [22] and in keratinocytes. The role of Langerhans
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cells during CHS response remains somewhat controversial [24, 32], but loss of Bcl-3 in
these cells did not alter the CHS response. On the other hand, ablation of Bcl-3 in
keratinocytes recapped some features of increased inflammation observed in mice with
germline loss of Bcl-3. In particular the production of CXCL9 and CXCL10 was elevated
during the later part of the CHS response, paralleled by increased recruitment of CD8* T
cells. We did not detect a difference in neutrophil recruitment or ear thickness compared
with WT animals, indicating that in addition to exerting its effects in keratinocytes, Bcl-3
must also act in other radioresistant cells to reduce expression of chemokines and possibly
also other inflammatory mediators. Such radioresistant cells could include dermal
fibroblasts, adipocytes, endothelial cells, and possibly even a radioresistant subset of dermal
DCs [33]. Endothelial cells in particular may warrant further investigation in this context,
but to date, nothing is known about the functions of Bcl-3 in these cells. It also remains at
least theoretically possible that loss of Bcl-3 in both keratinocytes and Langerhans cells
together could more fully account for the CHS response seen in mice lacking this regulator
in all radioresistant cells. The results we obtained also suggest that ear thickness may be
dependent in large part on early events after challenge, which would include the influx of
neutrophils, rather than the number of CD8" T cells remaining at later time points.

Our findings reveal an anti-inflammatory role for Bcl-3 in radioresistant cells, including
keratinocytes, limiting prolonged production of chemokines and possibly other mediators by
these cells and thus facilitating resolution of the CHS reaction. Bcl-3 specifically dampens
extended production of chemokines in keratinoctyes required for recruitment of CD8* T
cells. This is the first instance in which Bcl-3 has been recognized as serving an anti-
inflammatory role via actions in keratinocytes. Previously Bcl-3 has been reported to
mediate tolerance to repeated stimulation with LPS in myeloid cells, suppressing production
of inflammatory mediators [34], although Bcl-3 also has been ascribed a pro-inflammatory
role in the context of DSS-induced colitis, perhaps reflecting context and cell-type specific
roles of this regulator [12]. It will be of interest to determine whether and how Bcl-3 might
antagonize the IFN-y-mediated production of chemokines in keratinocytes. In this regard it
is of interest that Bcl-3 has been suggested to interfere with the RSV-activated STAT/IRF
pathway [35].

Materials and methods

Mice

Bcl-37/7[9], Langerin-Cre [25], K5-cre [36] and Bcl-3M/flx {Tassi, 2014 #42}have been
described (all mice on C57BL/6 backgrounds). Mice were housed in NIAID Institute
facilities and experiments were done with approval of the NIAID Animal Care and Use
Committee and in accordance with all relevant institutional guidelines.

Contact hypersensitivity

Mice were sensitized with application to shaved bellies of 25 ul of 100 pug/ml of oxazolone
(Sigma, dissolved in 1:5 olive oil:acetone) for 2 consecutive days. 5 days later, mice were
challenged on each side of the ear with application of 5 ul of 10 pg/ml oxazolone or solvent
as a control. Ear thickness was measured daily for 4 days thereafter. For DNFB treatment,
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mice were sensitized with 50ul of 0.5% DNFB (SIGMA, dissolved in 1:4 olive oil:acetone)
on the shaved belly and 10ul of 0.5% DNFB on each paw on days 0 and 1. 5 days later, mice
were challenged on each side of the ear with application of 20 pl of 0.25% DNFB. Ear
thickness was measured daily for 4 days thereafter.

Flow cytometry

Samples were stained at 4 °C in the presence of Fc Block (2.4G2; BD Biosciences) in flow
cytometry buffer (PBS 2% FBS). Antibodies used for staining:
phycoerythrinindotricarbocyanine—anti-Grl (RB6-8C5) (BD Biosciences); phycoerythrin-
cyanine? anti-IFN-y (XMGL1.2) (eBioscience); pacific blue anti-CD8 (53-6.7), phycoerythrin
cyanine? anti-Ly6G (1A8) (Biolegend). Dead cells were excluded with the Aqua Live/Dead
fixable kit (Invitrogen). For intracellular staining, cells were first stimulated with PMA (5
ng/ml) and lonomycin (500 ng/ml) and treated with protein transport inhibitor cocktail
(eBioscience) for 4 hours. Data were collected with a FACSCanto instrument (BD
Biosciences) and were analyzed using FlowJo software (Tree Star).

Cell isolation

Lymph nodes were mechanically dissociated to obtain single-cell suspensions. For single-
cell suspensions from ears, tissue sections were incubated for 30 min at 37°C with RPMI
0.5% trypsin (Roche), then minced with sharp scissors, incubated for an additional 15 min
with 0.05% DNase | (Sigma-Aldrich), and then sequentially separated with a syringe.

Bone marrow chimera

Histology

Recipient mice were irradiated with 900 rads of gamma irradiation; on same day donor bone
marrow was adoptively transferred into these mice. Donor bone marrow was isolated from
the femurs and tibia of mice, and red blood cells were lysed with RBC lysis buffer (Sigma).
Cells were washed twice with PBS and resuspended in a small volume of DMEM, and 2 x
108 cells were transferred to each recipient mouse intravenously. Mice were analyzed used
in experiments about 8 weeks after bone-marrow transplantation.

Ear tissue was fixed in 4% formaldehyde and tissue sections were stained with H&E and
analyzed with an Olympus BX50. Frozen sections were fixed in acetone and blocked with
1% BSA in PBS. Endogenous biotin was blocked using Streptavidin-Biotin blocking kit
(Vector Labs). Sections were incubated for 2 h with biotin-conjugated anti-Gr1 and anti-
Ly6G antibodies (1:50; Biolegend) and visualized with streptavidin-conjugated Alexa Fluor
568 (1:1000; Molecular Probes). Slides were mounted with Vectashield with or without
DAPI (Vector Labs) and analyzed with a Leica AF6000LX fluorescence microscope. Tissue
sections fixed with 10% formalin were stained with biotinconjugated Ly6B antibodies (7/4
Cedarlane) and visualized with streptavidin-conjugated HRP in the presence of DAB
substrate (performed by Histoserve).
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Quantitative real-time PCR

RNA was purified using TRIzol (Invitrogen) and RNeasy kit (Qiagen); cDNA was
generated with cDNA synthesis kit (Qiagen), and quantitative real-time PCR was performed
(Tagman protocol). The mouse primers for Hprt, Cxcl2, Cxcl5, Ccl5, Cxcl9, Cxcl10, 11-10
and all other chemokine and cytokine genes referred to were obtained from Applied
Biosystems. All values were normalized to Hprt.

For dermal and epidermal mRNA analysis, ears were split into two parts (dorsal and ventral)
and incubated for 30° at 37°C in PBS containing 2.5 mg/ml dispase Il (Roche) to allow
separation of dermal and epidermal sheets. The separated epidermal and dermal sheets were
treated as described above.

Statistical analyses

All data are presented as the mean = SEM. Student's t-test (two-tailed) was used to evaluate
significance; p values <0.05 were considered to be statistically significant, and values <0.01
highly significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Exaggerated CHS response in Bcl-3-deficient mice. (A) WT and Bcl-37/~ mice were

sensitized on abdomens to 25 pl of 100 pg/ml oxazolone (OXA) on two consecutive days
and challenged with 5 pl of 10 pg/ml OXA or solvent on ears 5 days later. Increases in ear
thickness were measured over the next 4 days. Data are shown as mean £ SEM (n=14 mice/
group) and are pooled from three independent experiments. (B) WT and Bcl-3~/~ mice were
sensitized and challenged with DNFB and analyzed as in (A). Data are shown as mean +
SEM (n=10 mice/group) and are pooled from two independent experiments. (C) H&E-
stained sections of ears from OXA-challenged and unchallenged WT and Bcl-3~/~ mice.
Images were captured by light microscopy and are representative of the three independent
experiments performed in (A). Original magnification 20X, scale bar 100 um. *p < 0.05,
***n < 0.001, Student's two-tailed t-test.
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Figure2.
Increased cell recruitment in Bcl3~/~ mice during CHS response. (A) WT and Bcl-37/~ mice

were sensitized to and challenged with OXA as in Figure 1A. 96 h after challenge, single
cell suspensions were prepared from ear and cells stained with antibodies to CD8, Ly6G and
Gr1 to identify infiltrating CD8* T cells, neutrophils and neutrophils/monocytes,
respectively. Data are shown as mean + SEM (n=5 mice/group) and this experiment is
representative of three independent experiments. (B) Mice were treated as in (A), and frozen
ear sections were prepared 48 h and 96 h after challenge, stained with biotin-conjugated
anti-Gr-1 and anti-Ly6G antibodies and visualized with streptavidin-conjugated Alexa Fluor
568; formalin fixed sections were stained with biotin-conjugated anti-Ly6B antibodies
(primarily stain monocytes/neutrophils) and visualized with streptavidin-conjugated HRP/
with DAB substrate. Scale bar 100um. Data are representative of ten mice/group analyzed,
taken from three independent experiments. *p < 0.05, **p < 0.01, Student's two-tailed t-test.
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Figure 3.
Increase in IFN-y-producing CD8" T cells during CHS in Bcl-37/~ mice. (A) WT and

Bcl-37/~ were sensitized to and challenged with OXA as in Figure 1A. 96 h after challenge,
cells from skin draining lymph nodes were isolated, and analyzed for intracellular IFN-y
production after gating on CD8* T cells. Representative FACS analysis is shown in the
upper panels and data summarized in bottom panels. Data are shown as mean + SEM (n=4
mice/group) and this experiment is representative of two independent experiments. **p <
0.01, Student's two-tailed t-test.
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Figure4.
Increased chemokine expression in Bcl-3~/~ mice during CHS response. (A and B) WT and

Bcl-37/~ were sensitized to and challenged with OXA as in Figure 1A. Ears were harvested
and analyzed for relative mRNA expression for indicated genes with gPCR at 48 h (A) and
96 h (B) after challenge. Data shown as mean +SEM (n = 7-10/group) and are pooled from
two experiments. *p < 0.05, **p < 0.01, ***p < 0.001, Student's two-tailed t-test.
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Figureb5.
Lack of Bcl-3 expression in radioresistant cells results in exaggerated CHS response. (A-C)

WT or Bcl3~/~ mice were lethally irradiated and reconstituted for about 8 weeks with 2 x
10% WT or Bcl3~/~ bone marrow cells, allowing for all possible combinations, as indicated.
Reconstituted chimeric mice were sensitized to and challenged with OXA (or solvent) and
analyzed for increased ear thickness as in Figure 1A. For ease of comparison, all panels (A-
C) show the results obtained with WT recipients after adoptive transfer of WT bone marrow.
In addition, (A) also shows WT mice reconstituted with Bcl3~/~ bone marrow; (B) Bcl3™/~
mice reconstituted with WT bone marrow; and (C) Bcl3™~ mice reconstituted with Bcl3 ™/~
bone marrow. Data are shown as mean + SEM (n=10 mice/group (for each panel)) and are
pooled from two experiments. *p < 0.05, **p < 0.01, Student's two-tailed t-test.
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Figure®6.
Increased expression of chemokines and CD8" T-cell recruitment in mice with keratinocyte-

specific ablation of Bcl-3. (A) Mice ablated of Bcl-3 in Langerhans cells (Bcl-3-A-LC
(Bel3¥/flx: | angerin-Cre)) and control mice (CTR; Bcl3™/fX) were sensitized to and
challenged with OXA and analyzed for increase in ear thickness as in Figure 1A. (B) Single
cell suspensions from ears of mice treated as in (A) were analyzed by flow cytometry 96 h
after challenge for expression of CD8, Ly6G and Gr1 to identify infiltrating CD8* T cells,
neutrophils and monocytes/neutrophils, respectively. (C) Mice ablated of Bcl-3 in
keratinocytes (Bcl-3-A-KC [Bcl3X'—; K5-Cre]) and control mice (CTR; Bcl3¥~) mice were
treated and analyzed as in (A). (D) Single cell suspensions from ears of mice treated as in
(C) were analyzed 96 h after challenge for expression of CD8, Ly6G and Grl as in (B). (E)
Relative mMRNA expression for indicated genes in ears of mice as (D). (A-E) Data shown as
mean + SEM ((A) n=12, (B,D) n=10-12, (C) n=14, (E) n=8 mice/group; each pooled from
two independent experiments). *p < 0.05, **p < 0.01, ***p < 0.001, Student's two-tailed t-
test.
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